INTRODUCTION
Nicolau syndrome (NS) is a rare, aseptic cutaneous necrosis that may involve the subcutaneous and muscle tissue layers. 1 This syndrome is associated with intramuscular, subcutaneous, intravenous, and intra-articular injections of antibiotics, local anesthetics, glucocorticoids, nonsteroidal antiinflammatory drugs, hyaluronic acid, vaccinations, and vitamins. [2] [3] [4] [5] NS presents as an immediate and severe pain at the injection site and a clearly demarcated livedolike discoloration of the skin that progresses to cutaneous necrosis with potential involvement of the underlying tissues. 2, 3 Although the pathophysiology of NS is debated, multiple theories implicate occlusion of cutaneous vessels after iatrogenic insult as an inciting cause. 1, 2 Here, we present the first case, to our knowledge, of NS caused by lumbar puncture.
CASE REPORT
A 22-month-old girl with a medical history of failure to thrive presented to an outside hospital with fever and a single tonic-clonic seizure. She had prerenal acute renal insufficiency, transaminitis, and anemia. Workup included lumbar puncture with local lidocaine injection without difficulty. She was transferred to our tertiary medical center for further treatment. The dermatology department was consulted for a new-onset retiform purpuric patch on the lumbosacral area that developed 1 day after the lumbar puncture (Fig 1) . A workup, including biopsy and tissue culture, was performed to rule out other causes of large plaque retiform purpura, such as calciphylaxis, warfarin necrosis, and heparininduced thrombocytopenia syndrome. Laboratory data were significant for creatinine level of 2.76, aspartate aminotransferase level of 293, alanine aminotransferase level of 111, hemoglobin value of 6.4, and hematocrit value of 19.3. Values for platelet count, coagulation studies, antiphospholipid panel, protein C and S, and antineutrophil cytoplasmic antibodies were within normal limits. The tissue culture had no growth. Histopathology found pauci-inflammatory thrombogenic vasculopathy affecting capillaries and venules throughout the dermis and subcutaneous fat with endothelial necrosis and sloughing into vascular lumens (Fig 2) . Concomitant acrosyringeal, straight eccrine duct, and eccrine coil necrosis was observed. A pathologic diagnosis of NS was made. The affected site was treated with mupirocin ointment followed by white petrolatum impregnated gauze and nonadhesive dressings (Fig 3) . Necrotic areas were debrided and required split-thickness grafting. The cause of the patient's transaminitis and anemia was attributed to acute Epstein-Barr virus infection, supported by a positive Epstein-Barr virus polymerase chain reaction result. After 1 month, the wound on the lumbosacral area healed well with mild hypertrophy.
DISCUSSION
NS, also known as embolia cutis medicamentosa and livedolike dermatitis, is a rare ischemic necrosis of the skin that may extend into the underlying muscular tissue. 6 NS presents as an area of immediate, intense pain and pallor with development of a well-defined, livedolike violaceous patch that eventually undergoes hemorrhagic transformation and subsequent necrosis. 1, 7 The ensuing eschar sloughs off to reveal an ulcer that heals over several months, resulting in an atrophic scar or pigmentation. 1, 3, 6 Tissue damage secondary to NS can lead to extensive skin and muscle tissue loss, potentially resulting in hypoesthesia, nerve damage, and paraplegia. 2, 6 Treatment remains controversial and is contingent on the extent of the necrosis. 1 Conservative methods include dressing changes and analgesics, whereas surgical debridement and partial-thickness skin grafts may be required in more complicated cases. 1, 7 Immediate treatment focuses on mitigating vessel occlusion and includes using heparin as a thrombolytic agent, pentoxiphylline to decrease blood viscosity, and hyperbaric oxygen to increase oxygen extraction. 3, 4 In more severe cases, surgical debridement can reduce the risk of infection and improve wound healing. 4 Imaging, including computerized tomography scans and magnetic resonance imaging, can be useful to define the extent of tissue involvement. 1 NS was first reported in 1925 after the introduction of intramuscular injections of bismuth salt as the treatment of syphilis. 6, 7 To date, NS has been associated with intramuscular (nonsteroidal antiinflammatory drugs, vaccinations, bismuth, hydroxyzine, penicillins), intra-articular (glucocorticoids), subcutaneous (pegylated interferon-a, lidocaine 1%), intravenous (polidocanol 1%), and subacromial (triamcinolone acetate) injections. 1, 4 Possibly because of the high prevalence of intramuscular injections in the pediatric population, children are at higher risk for NS. 8 However, NS in the pediatric population remains a rare phenomenon, 3 with reported cases occurring after intramuscular vitamin K injection or diphtheria, tetanus, and pertussis vaccine administration. 8, 9 To date, no studies address NS across different patient demographics. Although the precise pathogenesis of NS remains unclear, several predominant hypotheses have emerged based on histologic examination. 3 One theory suggests that inflammation caused by perivascular injection of a substance causes injury to cutaneous arteries and subsequent necrosis of the skin. Another hypothesis suggests that periarterial or perineural injection causes severe localized pain that triggers overactivation of the sympathetic system, leading to vasospasm and circulation compromise. A third hypothesis entails intra-arterial injection of crystalloid drugs inducing an embolic occlusion of cutaneous arteries, resulting in tissue necrosis. 2, 3 As has been shown previously, that C5b-9 deposition is involved with vascular injury in another vasculopathy, the presence of C5b-9 microvascular deposits in our case may suggest that vascular complement activation results in Cb5-9 microvascular deposition, thrombosis, and subsequent tissue injury. 10 To our knowledge, this case is the first reported case of NS after lumbar puncture. The low incidence and unclear pathophysiology make prevention of NS challenging. It has been previously reported that subcutaneous injection of 1% lidocaine before breast core needle biopsy caused NS in an adult woman. 1 Local lidocaine injection in our case may have played an inciting role in the microvascular injury. Given prevailing theories suggesting that NS occurs secondary to a local insult, physicians performing lumbar punctures should be cognizant of technical aspects of the procedure that increase the likelihood of damage to cutaneous vasculature. These aspects include, but are not limited to, requiring multiple attempts, having difficulty entering the subarachnoid space, or requiring multiple lidocaine injections. The most common differential diagnosis for cutaneous complications after lumbar puncture includes hematoma and active bleeding. Nonetheless, when immediate severe pain and subsequent characteristic livedolike rash and tissue necrosis are observed at the procedural site after lumbar puncture, clinicians should maintain a high suspicion for NS.
